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Nerve conduction studies and electromyog-
raphy were normal. Cranial MRI showed
normal sinuses and multiple lesions in the
periventricular white matter and brainstem
consistent with demyelinated foci. Blood
tests were negative for renal insufficiency,
collagen vascular disease including
Sjogren's syndrome, syphilis, HIV or

HTLV-I infection, B1 2 deficiency, sar-

coidosis, or thyroid disease. On the UPSIT,
she identified 10 of 40 odours, indicating
total bilateral anosmia. Over the next year,

she developed relapsing and remitting sen-

sory and motor manifestations typical of
multiple sclerosis. Olfactory function
remained poor.

To our knowledge, this is the first report

of olfactory disturbances as the initial or

most prominent manifestation of multiple
sclerosis. Multiple sclerosis is an unusual
cause of acquired smell dysfunction. Aging,
chemical exposure, trauma, infection, local
inflammatory conditions, sinus disease, and
smoking are more common aetiologies.2
The absence of pathological conditions
known to cause olfactory loss, other than
smoking in patient 1 and diabetes in patient
2, strongly suggests that the smell distur-
bances were due to multiple sclerosis in
these patients. The fluctuation of olfactory
function in parallel with multiple sclerosis
disease activity, including improvement
after corticosteroid treatment further sup-

ports the causal relation in patient 1. It is
unlikely that the olfactory disturbances
experienced by patient 2 resulted from her
diabetes. Impaired olfactory function in dia-
betes typically manifests as increased olfac-
tory thresholds rather than anosmia.5 Also,
it typically occurs in association with other
diabetic complications.

Studies of olfactory function in multiple
sclerosis have yielded conflicting results.
Ansari3 found no impairment in 40 patients
with multiple sclerosis compared with 24
age and sex matched controls with other
neurological diseases. This study employed
nitrobenzene and amyl acetate as odorants,
both of which are strong trigeminal stimu-
lants the detection of which would not

depend solely on the integrity of the olfac-
tory pathways. With the UPSIT, Kesslak et

al4 found no difference in olfactory function
in patients with multiple sclerosis compared
with controls. In a previous study from our

group employing the UPSIT,' two of 31 in
patients with multiple sclerosis scored
below normal with a disproportionate num-

ber in the low normal range, suggesting
subtle olfactory deficits exist in some

patients with multiple sclerosis. By contrast,
in the study of Pinching,' 10 of 22 unselect-
ed patients with multiple sclerosis had
quantitative olfactory loss and another five
showed descriptive impairment. The dis-
agreement between these studies may relate
to the utilisation of different testing proto-
cols and distinct patient populations.

Given the potential for demyelinating
lesions to occur throughout the CNS in
multiple sclerosis, one would expect olfac-
tory symptoms to be a possible manifesta-
tion. Despite reports of impairment in
olfactory function on formal testing, howev-
er, symptomatic loss of smell is very

uncommon in multiple sclerosis. This rarity
has several potential explanations. Firstly,
changes in smell may be less noticeable to
most patients than other neurological symp-

toms. Secondly, olfactory dysfunction may
be confused with loss of taste. Thirdly,

physicians may attribute altered olfaction to

other factors such as depression. Fourthly,
pathological studies have suggested that the
olfactory pathways are relatively spared in
multiple sclerosis,3 perhaps due to regional
differences in myelin or myelin forming
cells that alter the susceptibility to demyeli-
nation, lessen the physiological conse-

quences of demyelination, or allow more

efficient remyelination.
In summary, although it is not surprising

that multiple sclerosis can produce abnor-
malities of olfactory function, symptomatic
disturbances of smell are uncommon. In
rare cases, olfactory impairment can be the
presenting or most prominent manifestation
of multiple sclerosis, and can be a troubling
symptom in other patients. Multiple sclero-
sis should be considered in the differential
diagnosis of acquired smell dysfunction.
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Change in the concentrations of amino
acids in cisternal CSF of patients with
essential tremor

Essential tremor is the most frequent move-

ment disorder in subjects over 40 years of
age.' The disorder is inherited in an auto-

somally dominant manner and is slowly
progressive over the years, leading to

disablement. The lack of any detectable
neuropathological lesion2 gives rise to the
possibility that a change in neurotransmitter
balance might play a part in the aetiology of
essential tremor. There is an increased sen-

sitivity of mouse neocortical slices to

)'-aminobutyric acid (GABA) after chronic
treatment with drugs improving tremor,3

suggesting the importance of the inhibitory
amino acid ;)-GABA in the aetiology of
essential tremor. We therefore analysed the
amino acids in cisternal CSF of patients
with essential tremor to determine whether
there was any difference among concentra-
tions of excitatory and inhibitory amino
acids compared with controls.
The CSF of patients with essential

tremor was taken by cistemal puncture after
obtaining informed consent. The patients
were undergoing neurological examination
for other kinds of complaint, mostly
headache, when inflammation and haemor-
rhage were excluded by cistemal puncture.
The CSF of 19 cases whose samples were

negative in respect of other diseases were

included. The regional ethics committee
approved the scientific analysis of CSF sam-

ples. Patients (7 women and 12 men) with
essential tremor were new. They were not

taking drugs. Their age was between 21 and
80 (mean 62 (SD 4-9)) years. The duration
of disease was between one and 50 (mean
21 (SD 3 8)) years. Family history of dis-
ease was detected in 16 cases. Their hand
tremor was characterised by postural and
action tremor and they had difficulties in
writing and dressing. Control subjects (10
men, five women aged 16 to 80 (mean 60
(6)) years) had no organic symptoms, but
progressive headache, occasional uncon-

sciousness of uncertain origin, and func-
tional disorders needed more detailed
neurological examination.

All CSF samples were centrifuged at
3000 g for 15 minutes at 0-4°C and the
supernatant liquid was kept at - 70°C.
The amino acids were measured by high

performance liquid chromatography. This
method generally offers sensitivities of 1

pmol for o-phthalaldehyde derivatives of
amino acids. A Gilson liquid chromato-
graphic system was used (two pumps, an

autoinjector with sample loop size of 20 ,Il
and a fluorometer). Separation of amino
acids was performed on a 5 ,um Ultrasphere
C-18 column (150 x 4-6 mm). Concen-
tration was determined by a two point cali-
bration curve internal standard method.
The column was equilibrated with solvent
A, which consisted of 22-5% methanol-
acetonitrile (3-5:1 v/v) in 0-01 M potassium

Concentrations of amino acids (mmollml) in cisternal CSF ofpatients with essential tremor

Increased Decreased No change
Amino
acids C T C T C T

Glutamate 10 18 (1 74) 17-25 (3 66)
Aspartate 6 83 (1 42) 2-57 (0 44)**
Serine 86 09 (24 2) 28 03 (3 0)*
Glycine 17 53 (3-01) 10-76 (1 27)*
Threonine 29 19 (2 34) 21-19 (2 68)*
GABA 39-38 (5 22) 29-47 (3 03)
Asparagine 4-42 (0 37) 3-63 (0 37)
Glutamine 326 6 (67 3) 224 1 (27 4)
Arginine 23 52 (2 02) 21-24 (1-85)
Taurine 11-67 (2-38) 7-98 (0-81)
Alanine 33 97 (3-51) 27-36 (2 28)
Tyrosine 20 33 (1-92) 17-47 (2 18)
Phenylalanine 7 71 (0 65) 7-41 (0 64)

*p < 0 05; **p < 0 01. Data are given in mean (SEM). C = controls (n = 15); T = patients with essential
tremor (n = 19).
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phosphate buffer (pH 7 2). The mobile
phase B consisted of 22-2% acetonitrile in
methanol. The increments of buffer B in
the gradient programme were 6-5%, 12-8%,
15-5%, 27-0%, 39 0%, 41-0%, and 59 5%
at 5 5, 6-0, 13-0, 13-5, 14-0, 19-5, and 22-5
minutes, respectively. The analysis was
carried out at a flow rate of 1-5 ml/min.

Before analysis 20 and 5 pl CSF samples
were diluted with an internal standard of 20
and 95 pl a-aminoadipic acid (5 ,M)
respectively. The reagent mixture was pre-
pared by dissolving 10 mg o-phthalaldehyde
in 250 ,1 methanol and adding 50 pl 2-mer-
captoethanol in 4-7 ml 1 M borate buffer
(pH 10-5). Derivatives were made by mix-
ing 63 pl o-phthalaldehyde with a 7 ,ul sam-
ple two minutes before injecting on to the
column.

Statistical analysis was by unpaired t test
and Mann Whitney U test. Data are given
as means (SEM).

Although there were slight decreases in
the concentrations of amino acids in
patients with essential tremor there were no
significant differences in most amino acids
(table). The control values were similar to
those found by others.4

Despite the great number of experimen-
tal studies dealing with the aetiology of
tremor induced by harmalin, no human
data exist yet that directly explain the gener-
ation of essential tremor.
The most surprising change in the con-

centrations of amino acids was that the con-
centration of serine and glycine was
reduced. Glycine can be formed from
serine by a reversible folate dependent
reaction catalysed by the enzyme, serine
trans-hydroxymethylase. Therefore it is
concluded that the reduction in the concen-
tration of glycine is a consequence of the
decreased concentration of its major precur-
sor, serine. The important role of glycine in
decreased inhibition in the CNS has been
demonstrated in the mutant spastic mouse.5
The less severe phenotypes of these auto-
somal recessive inherited mice are charac-
terised only by tremor of trunks and limbs,
raising an interesting comparison with the
similar features of essential tremor.'

Whereas the concentration of glutamate
was not significantly changed, that of
aspartate was significantly decreased
(p < 0-01). The climbing fibres of the cere-
bellum utilise excitatory amino acids as
neurotransmitters67 and an increase in the
concentration of excitatory amino acids
might have been expected if an overactivity
of the inferior olive were involved in essen-
tial tremor. From experimental studies,
however, the expected candidate for this
neurotransmitter is glutamate.67

This is the first clinical study that draws
attention to the possible role of glycine and
it is concluded that the decreased concen-
tration of glycine may be involved in essen-
tial tremor. Our findings also strengthen the
hypothesis that this disease is of central origin.

We thank Dr Miklos Vajda for his gift of auto-
matic injector programme.
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Persistent hemiballism in Parkinson's
disease

Ballism has been regarded traditionally as a
unique hyperkinetic movement disorder
with clear anatomical localisation. In
humans and other primates, lesions of the
subthalamic nucleus cause contralateral
hemiballism. This rather neglected small
anatomical structure has lately attracted
interest in connection with Parkinson's dis-
ease, as it has been shown in primates
exposed to 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), that the indi-
rect motor loop from the striatum via the
lateral segment of the globus pallidus and
the subthalamic nucleus may be overactive,
whereas the converse is true for the
GABAergic projection from the globus
pallidus to the thalamus.'

It is on this basis that experimental
anatomical lesions of the subthalamic
nucleus or neutralisation of its activity by
high frequency electrical stimulation or by
pharmacological agents such as N-methyl-
D-aspartate (NMDA) antagonists, have
been tried in Parkinson's disease or the
MPTP models. Such lesions can reverse
parkinsonian symptoms in the contralateral
limbs.

In patients with Parkinson's disease,
lesions in the subthalamic nucleus can
reverse parkinsonism contralaterally. We
recently treated a patient with Parkinson's
disease in whom a lesion in the subthalamic
nucleus was expressed by sustained violent
hemiballism. The patient was a 60 year old
right handed man. His history showed arte-
rial hypertension and non-insulin depen-
dent diabetes mellitus, both controlled
pharmacologically. He had gait distur-
bances and recurrent falls. When examined
by a neurologist, hypomimia, symmetric
limb rigidity that increased on contralateral
activation, and a short step gait were noted.
He had no tremor and showed a mild
central left facial weakness accompanied
by mild pyramidal signs. Treatment with
levodopa and carbidopa and selegiline was
beneficial.

About one year later, sudden involuntary
violent ballistic movements of the left limbs
appeared. On examination, there was rigid
limb tone on the right whereas on the left
the tone was normal. Tendon reflexes were
brisker on the left and the plantar response
was extensor. CT showed a haemorrhage in

Figure Unenhanced CTperformed about six
hours after the appearance of left hemibalism.
Note the haemorrhage in the right
subthalamus.

the right subthalamic nucleus (figure).
The ballistic movements continued

despite withdrawal of antiparkinsonian
drugs. Increasing doses of haloperidol up to
30 mg/day were not beneficial but aggravat-
ed the parkinsonian symptoms, mainly
bradykinesia. Clonazepam was added at a
dose of 1 mg thrice daily, which minimally
reduced the hemiballism but had to be
withdrawn because of intolerable somno-
lence.

Three months after the event, the patient
still had hemiballistic movements, although
somewhat attenuated. At this time the mus-
cle tone in the left limbs was still normal, by
contrast with the rigidity on the right.
The co-occurrence of Parkinson's disease

and a lesion in the subthalamic nucleus in
the same patient is a coincidental event of
low probability, and confirms that destruc-
tion of the subthalamic nucleus in a patient
with Parkinson's disease can reverse parkin-
sonian symptoms in the contralateral limbs
as suggested by studies in primates.34
The persistence of hemiballism for sever-

al weeks is unusual. If hemiballism occurs
after iatrogenic subthalamic nucleus
destruction in monkeys treated with MPTP,
it is usually of short duration. Aziz et al,
however, in a study of the alleviating effect
of lesions of the subthalamic nucleus in
parkinsonian monkeys, mentioned one ani-
mal in whom hemiballism persisted for at
least 16 weeks.4 This finding, together with
ours, implies that the occurrence, severity,
and persistence of hemiballism should be
carefully studied before the use of subthala-
motomy by iatrogenic anatomical destruc-
tion becomes a therapeutic option in
Parkinson's disease.
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